Results from epidemiological studies of milk consumption and mortality are inconsistent. We conducted a systematic review and meta-analysis of prospective studies assessing the association of non-fermented and fermented milk consumption with mortality from all causes, cardiovascular disease, and cancer. PubMed was searched until August 2015. A two-stage, random-effects, dose-response meta-analysis was used to combine study-specific results. Heterogeneity among studies was assessed with the I 2 statistic.
Introduction
Milk is a widely consumed dairy product. Being rich in protein, saturated fat (whole milk), lactose, calcium, and other essential nutrients, milk consumption may influence the risk of disease and mortality. Evidence indicates that milk consumption may be associated with an increased risk of prostate cancer [1] but with a reduced risk of colorectal cancer [2] . Milk consumption has been inconsistently associated with cardiovascular disease [3] [4] [5] and type 2 diabetes [6, 7] , and does not appear to reduce the risk of hip fractures [8] . Whether milk consumption is related to all-cause mortality remains unclear. We therefore conducted a systematic review and meta-analysis to evaluate any potential association between non-fermented milk consumption and mortality from all causes, overall cardiovascular disease, and overall cancer. In addition, we assessed whether consumption of fermented milk, which might have antioxidant and anti-inflammatory effects [9, 10] , is associated with all-cause mortality.
Experimental Section

Literature Search
We followed standard criteria for performing and reporting of meta-analyses of observational studies [11] . Studies were identified by a systematic review of the literature until August 2015 by using the electronic PubMed database. No restrictions were imposed. We used the search terms: (dairy OR milk OR yogurt) AND (mortality or death) AND (cohort OR prospective). In addition, we manually searched the reference lists of recent reviews and other retrieved publications to search for further articles.
Study Selection
We included prospective studies that provided hazard ratios (HRs) with 95% confidence intervals (CI) for at least three categories (including the reference group) of milk consumption in relation to mortality from all causes, overall cardiovascular disease, or overall cancer, We omitted studies that only reported results for total milk products or combined non-fermented and fermented milk because non-fermented and fermented milk may have different associations with mortality.
Data Extraction and Quality Assessment
From each publication, we extracted the first author's last name, year of publication, name of the cohort, country, sex, age range of the study population, sample size, number of deaths, duration of follow-up, variables adjusted for in the statistical analysis, and HRs with 95% CIs for each category of milk consumption. We extracted the HRs from the most fully adjusted model, except when adjustments were made for major components of milk, such as dietary calcium. Data were extracted separately for women and men if sex-specific results were provided. Study quality was assessed using the Newcastle-Ottawa Scale [12] . The score ranged from 0-9 stars (9 representing the highest quality).
Statistical Analysis
A two-stage, random-effects, dose-response meta-analysis [13, 14] was conducted to assess potential nonlinear associations between milk consumption and mortality. This was done by modeling milk consumption by using restricted cubic splines with three knots at fixed percentiles [14] . First, a restricted cubic spline model with two spline transformations was fitted, taking into account the correlation within each set of published relative risks [13, 14] . Second, the two regression coefficients and the variance/covariance matrices estimated for each study were combined using a multivariate random-effects meta-analysis [15] . An overall p-value was computed by testing that the two regression coefficients were equal to zero. We calculated a p-value for nonlinearity by testing that the coefficient of the second spline was equal to zero [16] . The dose-response meta-analysis method requires that (1) risk estimates with CIs are available for at least three exposure categories (including the reference group); (2) the number of cases and participants (or person-time) for each category are known (to be able to estimate variance/covariance matrices); and (3) the mean or median milk consumption for each exposure category is reported in the article or can be estimated.
Heterogeneity among studies was evaluated using the I 2 statistics [17] . Low, moderate-to-high, and substantial heterogeneity was defined by I 2 -values of <25%, 25%-75%, and >75%, respectively. To investigate the influence of single studies on the overall results, we conducted a sensitivity analysis in which one study at a time was removed and the rest analyzed. Potential sources of heterogeneity due to sex, country, and study quality were assessed using stratified analysis. The statistical analyses were conducted using the dosresmeta [18] and metaphor [19] packages in R (R Foundation for Statistical Computing, Vienna, Austria) [20] . p-values < 0.05 were considered statistically significant.
Results
Literature Search
We identified 12 prospective studies [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] (one article presented results from two separate cohort studies [30] ) that reported HRs of mortality from all causes (n = 12), cardiovascular disease (n = 5), or cancer (n = 4) in relation to non-fermented milk consumption (Figure 1) . Six of those studies (five articles) also provided results on fermented milk (yogurt and/or soured milk) [25] [26] [27] [28] 30] consumption. We identified an additional study on consumption of yogurt in relation to mortality [32] . 
Study Characteristics
Characteristics of the included studies on non-fermented milk consumption in relation to all-cause mortality are shown in Table 1 . Four studies were conducted in the UK or Scotland, two in Sweden, two in the US, and one each in the Netherlands, Japan, and Australia. One study included cohorts from 10 European countries. Combined, these 12 studies included 70,743 deaths among 367,505 participants. All studies controlled for age and sex (if applicable). Most studies also adjusted for smoking (n = 11), body mass index (n = 10), alcohol consumption or drinking status (n = 9), total energy intake (n = 8), physical activity (n = 7), and markers of socioeconomic status (n = 7). Few studies adjusted for other food items or a healthy eating pattern (n = 5). Information on milk consumption was obtained through self-report in all studies. Table S1 presents the scores assigned to each study and Figure S1 lists details of how the criteria of study quality were applied. 
Non-Fermented Milk
The range of non-fermented milk consumption and the shape of the association between milk consumption and all-cause mortality differed between studies (Figure 2 ). Due to substantial heterogeneity among studies (I 2 = 94%), estimating a pooled HR was not appropriate. In a sensitivity analysis, in which one study at the time was removed and the rest analyzed to assess the influence of single studies on the overall results, we found that the Swedish Mammography Cohort [30] contributed most to the heterogeneity. After excluding this study, the heterogeneity was reduced (I 2 = 58%).
Heterogeneity among studies was observed in most subgroups defined by sex (women: I 2 = 93.9%; men I 2 = 70%; both: I 2 = 47%), country (UK/Scotland: I 2 = 44%; Sweden: I 2 = 99%; rest of Europe:
, and study quality (Newcastle-Ottawa Scale < 7: I 2 = 45%; ě 7: I 2 = 97%).
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Fermented Milk
The HRs of all-cause mortality by levels of fermented milk consumption are presented in Table  S2 . Most studies indicated a U-shaped association between fermented milk consumption and all-cause mortality ( Figure S2 ). The range of fermented milk consumption differed among studies and there was substantial heterogeneity among studies (I 2 = 88%).
Discussion
This systematic review and meta-analysis found substantial heterogeneity among studies of non-fermented and fermented milk consumption and mortality from all causes, cardiovascular disease, and cancer. Due to the large variation in the range of milk consumption across populations and the considerable heterogeneity, it was not appropriate to pool the results.
Among the 12 studies of non-fermented milk consumption, Michaëlsson et al. [30] observed statistically significant positive associations of non-fermented milk consumption with all-cause and cardiovascular disease mortality in cohorts of Swedish women and men. In the same study [30] , non-fermented milk consumption was also positively associated with cancer mortality in the female cohort (but the association was weaker than for all-cause and cardiovascular disease mortality) but not in the male cohort. Likewise, Dik et al. [28] observed a positive association between high consumption of non-fermented milk and all-cause mortality in a pooled analysis of cohort studies from 10 European countries. In contrast, Mann et al. [21] and Ness et al. [22] found some indication of an inverse relation between non-fermented milk consumption and all-cause mortality. The study by Mann et al. [21] did not control for potential confounders such as body mass index, physical activity, alcohol consumption, and diet. Wang et al. [31] observed a U-shaped association of non-fermented milk consumption with all-cause and cardiovascular disease mortality in a population of Japanese adults with very low milk consumption. The other six studies reported no significant relation between non-fermented milk consumption and all-cause [23] [24] [25] [26] [27] 29] or cardiovascular disease [25] mortality. A potential explanation for the inconsistent findings may be related to the different range of milk consumption in different populations. Milk consumption was high and the range of consumption was large in the studies by Michaëlsson et al. [30] . Although there was a wide range of milk consumption also in the studies by Ness et al. [22] and Elwood et al. [23] , those studies had limited power to detect a statistically significant association because of a small number of deaths and participants in the highest exposure category. Furthermore, it was not totally clear if the reported milk consumption in those two studies included non-fermented milk only or also fermented milk.
In addition to the different range of milk consumption, the proportion of different types of milk (e.g., whole milk, reduced-fat and fat-free milk, organic milk, and lactose-free milk) consumed is likely to vary and could contribute to the disparate findings. Moreover, the composition of milk may differ. For example, the proportion of conjugated linoleic acid in milk fat depends on what the cows are fed [33] . Studies with animal models have shown that the predominant conjugated linoleic acid isomer (cis-9,trans-11) has anti-carcinogenic and anti-atherogenic activities [33] .
The confounders controlled for in the included studies differed, and this may also, in part, explain the inconsistent results. Whereas most studies adjusted for major risk factors for mortality (e.g., age, sex, smoking, body mass index, physical activity, and alcohol consumption), few studies controlled for other foods [26, 27, 31] or a healthy food pattern [30] . Potential dietary confounders include fruits and vegetables [34] , red meat and processed meat [35] , and coffee [36] which have been associated with all-cause mortality. Most studies had a long follow-up (usually between 10 and 25 years) and, with the exception of the study in women by Michaëlsson et al. [30] , did not update information on milk consumption during follow-up. This along with the use of a dietary questionnaire to assess milk consumption would most likely have resulted in some misclassification and attenuated HRs. In fact, in the study of Swedish women by Michaëlsson et al. [30] , the HRs were attenuated when only a single exposure assessment was applied and were similar to the HRs obtained in the Swedish male cohort, which was based on a single assessment of diet.
Two previous meta-analyses have examined the association between total milk consumption (non-fermented and fermented milk/yogurt combined) and all-cause mortality. One of the meta-analyses included eight prospective studies and showed a HR of all-cause mortality of 0.99 (95% CI 0.95-1.03) per 200-g/day increment of total milk consumption [37] , but a meta-regression analytical approach to detect non-linear patterns in risk was not applied. In the other meta-analysis, based on five prospective studies, the HR of all-cause mortality was 1.01 (95% CI 0.92-1.11) for the highest versus lowest category of total milk consumption [38] . Five of the studies included in one or both of those meta-analyses were excluded from the current meta-analysis because results were only presented for total milk products [39] , for milk and yogurt combined [40] , or for comparisons of types of milk (skimmed and semi-skimmed versus whole milk) [41] , results were unpublished [42] , or odds ratios without CIs were reported [43] . Among the excluded studies, Fortes et al. [40] observed an inverse association between combined milk and yogurt consumption and all-cause mortality (HR = 0.38; 95% CI, 0.14-1.01, for ě3 times/week versus <1 time/week) in a cohort of 162 Italians, whereas Knoops et al. [39] reported a positive association between total milk products and all-cause mortality (HR = 1.10; 95% CI, 1.00-1.21, for consumption above versus below the median) in a cohort of 3117 elderly adults from 10 European countries. No association was observed in the other three studies [41] [42] [43] .
Conclusions
In summary, we observed no consistent association between non-fermented or fermented milk consumption and mortality. Further large prospective studies assessing the relation between milk consumption and mortality are warranted.
